Abstract: Two novel acoustic resonators have been developed, one for measuring the viscosity and a second for measuring the Prandtl number of gases, For viscosity measurements, we use a double Helmholtz resonator called the Greenspan viscometer. The Greenspan viscometer has a single, isolated, low-frequency mode that is fitted to determine the gas's viscous diffusivity to obtain either the absolute or the relative viscosity. For Prandtl number, we use a cylindrical resonator that has been modified by inserting an array of short, parallel plates or ducts halfway between the ends. Once calibrated, the lower longitudinal modes of this resonator are fitted to determine the Prandtl number. Detailed acoustic models of both resonators accuracy of these techniques. The transport been measured with these techniques, have been developed and are necessary to realize the full precision and properties of helium, argon, propane, and helium-xenon mixtures have PRINC~LES Recently, acoustic resonance techniques have been applied to measurements of the transport properties of gases (1). A double Helmholtz acoustic resonator, called a Greenspan viscometer, has been used for both absolute and relative measurements of viscous diffisivity DV = q/p, where q is the shear viscosity and p is the density. As an absolute viscometer, the viscous diffusivities of argon, helium, and propane have been measured with a standard uncertainty of 1'A or less. The uncertainty is reduced to about 0.5°A if the viscometer is calibrated with argon. A modified cylindrical resonator has been used for relative measurements of the Prandtl number Pr = fi~~, where 2 is the thermal conductivity and CP is the heat capacity. men calibrated with argon, the standard uncertainty of Pr is about 0.5°/0.
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In the Greenspan viscometer, the test gas oscillates between two chambers through a small connecting duct. As the gas moves through the duct, a portion of the gas's kinetic energy is dissipated by viscous drag at the duct wall. For the resonator to be a good viscometer, its dimensions are chosen such that this dissipation is more than 90% of the total energy lost. The viscosity is deduced from the frequency response of the oscillating gas and the dimensions of the resonator. The model for the resonator includes the thermoviscous boundary conditions at the resonator's wall, the effects of divergent flow at the ends the duct, and the effect of the fill tube.
Men an array of parallel circular ducts is placed midway between the end plates of a cylindrical resonator, the longitudinal acoustic modes have greater dissipation because there is more solid surface area. However, the odd longitudinal modes with a velocity antinode at the center will exhibit viscous dissipation that is significantly larger than the thermal dissipation. On the other hand, the even longitudinal modes with a temperature antinode at the center will have much greater thermal dissipation than viscous dissipation.
Combining measurements with both types of modes yields PP
APPARATUS
The Greenspan viscometer is rugged and has no moving parts, aside from the minute displacements of the transducers. Except for the transducers themselves, the device is constructed entirely from stainless steel. The duct is an electropolished stainless steel tube (4.63 mm ID x 6,4 mm OD x 31.2 mm long) that has been soidered into a baffle. The duct extends beyond the baffle and terminates in the center of the chambers. Each chamber is 42.10 mm ID x 21.17 mm deep and seals against opposite sides of the baffle. The physical dimensions of the chambers and the interconnecting duct have been measured with a highly accurate, coordinate measuring machine at NIST. Mounted on the wall at each end of the resonator is a stainless steel diaphragm (15 mm diameter x 0.10 mm thick) that separates the sample gas from the transducers, The only materials that are in contact with the sample gas are stainless steel and gold. Both the source and detector transducers are stacks of piezoelectiic disks that are coupled to the diaphragms.
The Prandtl-number resonator is similar to the Greenspan viscometer insofar as it has no moving parts, it is made of stainless steel, and it has transducers embedded at each end of the resonator behind surface mounted diaphragms. However, instead of a single duct, the Prandtl-number resonator has an array of parallel ducts (1 mm ID x 13 mm long) midway between the resonator's ends. The length of the cavity is 114 mm and the ID is 42 mm.
In effect, the Prandtl-number resonator is a cylindrical cavity whose acoustic modes are slightly perturbed due to the presence of the duct array. Thus the acoustic wavelength is approximately twice the resonator length.
Both resonators are mounted into pressure vessels filled with argon gas at the same pressure as the sample, The pressure vessels are placed in a temperature-controlled, stirred fluid bath. Small diameter capillary tubes are used to fill the resonators with the sample. Standard platinum resistance thermometers mounted in the resonator walIs are used to measure the sample's temperature.
RESULTS
Our most recent viscosity measurements of heIium and helium-xenon mixtures cover temperatures from 260 to 380 K and pressures up to 1.7 MPa, Measurements were performed on aliquots from the same prepared mixtures that were studied by Hurly, et al. (2) . The equation of state used to determine the density was determined from previous sound-speed and Burnett measurements (2) . Figure 1 shows the deviations of the measured viscosity of helium (this work) from reference values based on ah initio calculations for the dilute gas viscosity q, and the first density correction obtained from other experiments (3). 
